Introduction
Maternal recognition of pregnancy is a long standing problem in reproductive biology. In the ewe (Moor & Rowson, 1966) and cow (Betteridge, Eaglesome, Randall, Mitchell & Sugden, 1978) the conceptus must be present in the uterus by Day 13 or 16 after mating for maintenance of the corpus luteum (CL) and continuation of pregnancy. Thus, in both species the signal emitted due to the presence of an embryo has been transmitted even before the extraembryonic tissue becomes attached to the uterine epithelium. The mechanism responsible for maintenance of a CL during early pregnancy and, in particular, the way in which the embryo influences this process are not clearly understood but may involve a local effect of the conceptus on uterine blood flow. Greiss & Anderson (1970) observed transient increases in blood flow to the gravid uterine horn of ewes between Days 12 and 16 after mating. Effects of the ovine conceptus on uterine blood flow observed by Greiss & Anderson (1970) occur during the same period when the presence of the embryo has been determined to be essential to ensure continued maintenance of the CL in the ipsilateral ovary (Moor & Rowson, 1966) .
This study was conducted in an effort to characterize the pattern of blood flow to uteri of cows during the oestrous cycle and early pregnancy and to provide insight into the effect of the early bovine conceptus on the uterine blood supply. The correlation of uterine blood flow with concentrations of oestradiol and progesterone in systemic blood was also studied.
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Materials and Methods
Measurement of uterine blood flow Factory-calibrated blood-flow transducers (8, 10 or 12 mm internal circumference) were chronically implanted around both middle uterine arteries of 7 multiparous Hereford cows, 5-7 years old. A square-wave electromagnetic flow meter (Model 501D, Carolina Medical Electronics, Inc., King, North Carolina) that received an electrical input from the flow transducer probes was used to measure uterine blood flow (ml/min).
The Ovarian steroid measurements A jugular cannula, inserted at the time of surgery, was used to obtain blood from each cow after daily monitoring of uterine blood flow for determination of serum oestradiol-17ß and progesterone. Radioimmunoassay of progesterone was a modification of a procedure described previously by Abraham, Hopper, Tulchinsky, Swerdloff & Odell (1971) and utilized the same, fully characterized antiserum ). Although the same antiserum was used, blood serum was extracted with heptane instead of diethyl ether to improve recovery and chromatography was omitted. Sensitivity of the assay was defined as the amount of progesterone standard which yielded 95% of the counts/min in the buffer control tubes; this amount ranged from 5 to 7-8 pg. With this method, the blank value for serum from a cow on the day of oestrus was 0-40 ± 003 ng/ml (s.e.m., ) ng progesterone to this serum pool on a ng/ml basis. These standard sera were assayed, and the progesterone concentration of the serum blank was subtracted. The resulting progesterone concentrations (± s.e.m.) were 0-05 ± 0-01, 0-13 ± 0-01, 0-25 ± 0-01, 0-41 ± 0-02, 1-04 ± 0-02, 2·49 ± 0-05 and 4-88 ± 0·05, respectively. Within-assay variability was determined from replicates (n = 10) of a serum pool from luteal-phase cows. The resulting concentration (± s.e.m.) was 1-94 ± 0-02 ng/ml (coefficient of variation = 2· 9%). Between-assay variation determined by assaying duplicates of the above mentioned serum pool from luteal-phase cows in each assay (n = 8) was 5-9%.
Quantitation of oestradiol was a slight modification of a procedure previously reported by Echternkamp & Hansel (1973) 10, 20, 40, 50 and 80 pg oestradiol-17ß to charcoal-stripped plasma from an ovariectomized cow. These standard sera were assayed, and the oestradiol concentration of the serum blank was subtracted. The resulting oestradiol concentrations (± s.e.m.) were 10-0 ± 0-6 (n -4), 20-7 ± 1-6 (n = 4), 45-0 ± 2-9 (n = 4), 58-8 ± 4-2 (n = 4) and 81-8 ± 2-8 (n = 4), respectively. Within-assay variability, determined from duplicates, was <20%. Between-assay variation was determined by assaying duplicates of a pooled serum from oestrous cows and a pool of serum from cows during the luteal phase of the oestrous cycle in each assay (n = 6). Concentrations (± s.e.m.) of oestradiol were 8·0 ± 0-2 pg/ml for the pool of serum from oestrous cows and 4-3 ±0-3 pg/ml for the pool from luteal-phase cows.
Statistical analyses
Daily blood flow averages for each artery were considered as a single observation for statistical analyses to characterize time trends. Uterine arterial blood flow responses and changes in systemic concentrations of ovarian steroids were analysed by split-plot analysis of variance techniques (Kirk, 1968) . Differences between means were tested for significance by using orthogonal contrasts. In addition, a series of least squares analyses was conducted to determine time changes in uterine arterial blood flow. The statistical model included conditions (pregnant or non-pregnant), artery within condition (ipsilateral or contralateral) and time, as a continuous independent variable, to the highest order of significance. The test for significance was a test of heterogeneity of regression (Snedecor & Cochran, 1967 Unlike the non-pregnant cows, no association could be demonstrated between blood flow through the ipsilateral or contralateral uterine arteries of pregnant cows during the first 30 days of pregnancy and systemic concentrations of oestradiol or the ratio of oestradiol to progesterone. However, a positive correlation was observed between blood flow to the gravid uterine horn and systemic concentrations of progesterone (r = 0-44, < 0-01). No demonstrable association existed between blood flow through the contralateral uterine artery of these pregnant cows and blood progesterone.
Discussion
The results of this study clearly indicate local control of uterine blood flow by the early bovine conceptus. In cows (Betteridge et al, 1978 ) the conceptus must be present in the uterus by Day 16 after mating for maintenance of the CL and pregnancy. As in ewes (Greiss & Anderson, 1970) , blood flow to the gravid horn of cows increased on the days critical for ensuring pro¬ longation of the life-span of the CL. Failure of the contralateral uterine artery to exhibit a corresponding increase in blood flow on Days 14 to 18 of pregnancy may reflect a unilateral signal initiated by the bovine conceptus and/or a differential sensitivity of the 2 uterine arteries for the signal.
In support of the latter premise, Ford, Weber & Stormshak (1976) observed that uterine arteries ipsilateral to ovaries bearing CL from Day-17 non-pregnant heifers and Day-15 nonpregnant ewes responded to in-vitro nerve stimulation with greater increases in constriction than did contralateral arteries. Arteries ipsilateral or contralateral to ovaries with CL in Day-17 pregnant heifers and Day-15 pregnant ewes, however, exhibited no differences in responsiveness to nerve stimulation, due primarily to decreased constriction of ipsilateral arteries. These data suggest a preferential effect of the conceptus for reducing constriction of the uterine artery supplying the gravid horn.
The greater in-vitro constriction of uterine arteries from the luteal side in non-pregnant ewes and cows observed by Ford et al (1976) was suggested as being due to exposure of these arteries to greatly increased concentrations of progesterone in ovarian lymph (Morris & S ass, 1966; Lindner, Sass & Morris, 1964) . As secretion of progesterone increases throughout the luteal phase of the ovine oestrous cycle, constriction of uterine arteries ipsilateral to ovaries containing a CL increases in a parallel fashion (Ford et al, 1977a ). In addition, Ford et al (1977a) demonstrated an overall significant correlation (r = 0-72) between vasoconstriction to nerve stimulation and concentrations of progesterone in systemic blood. Progesterone has been observed to enhance constriction of vascular smooth muscle by reducing the rate of norepinephrine degradation (Kalsner, 1969) , leading to increased levels of neurotransmitter in periarterial sympathetic neurones.
In some respects the increased blood flow to the gravid horn caused by the presence of the preimplantation bovine conceptus mimics the effects of oestrogen. Oestrogen is known to exert a profound effect on uterine haemodynamics. Uterine hyperaemia following oestrogen ad¬ ministration has been demonstrated in the ewe (Huckabee, Crenshaw, Curet, Mann & Barron, 1970) and cow (Roman-Ponce, Thatcher, Caton, Barron & Wilcox, 1978) . In addition, injection of oestrogen into the uterine lumen (Greiss & Miller, 1971) or into the uterine artery (Resnik, Killam, Battaglia, Makowski & Meschia, 1974) of the ewe causes a rapid unilateral increase in uterine blood flow. Administration of oestrogen to ovariectomized ewes also was found to reduce the constrictor responses of uterine arteries to nerve stimulation (Ford et al, 1977b (Perry, Heap & Amoroso, 1973) . In addition, Ward, Frost & Ward Orsini (1978) suggest that oestrogen diffusing from implanting rat embryos partly saturate the hormone binding capacity of the adjacent endometrium. Oestrogens of embryonic origin may therefore act locally and directly to alter uterine arterial blood flow.
The consistent repetitive pattern of blood flow to uteri of non-pregnant cows during the oestrous cycle in this study was similar to that reported for the ewe by Greiss & Anderson (1969) who suggested that the abrupt increase in uterine arterial blood flow observed at oestrus may have resulted from a vasodilatory action of oestradiol, whereas the gradual decline in blood flow after oestrus may have resulted from progesterone-induced vasoconstriction. Caton, Abrams, Clapp & Barron (1974) demonstrated an antagonistic effect of oestrogen and progesterone on uterine arterial blood flow in the ovariectomized ewe: oestradiol-stimulated increases in blood flow through the uterine vascular bed were decreased by administration of progesterone and the magnitude of the induced changes appeared to be related to the ratio of the two steroids. These data agree well with the present study of cows in which uterine arterial blood flow throughout the oestrous cycle was found to be correlated (P < 0-01) with serum concentrations of oestradiol, as well as the ratio of oestradiol to progesterone.
In addition to the relatively large increases in uterine arterial blood flow observed at oestrus, Holness, Ellison & Wilkins (1977) reported that systemic concentrations of progesterone were higher in pregnant cows than in non-pregnant cows as early as Day 13 after insemination.
Similar differences in blood progesterone concentrations between pregnant and non-pregnant cows have been reported by others (Henricks, Dickey & Niswender, 1970; Henricks, Lamond, Hill & Dickey, 1971) ; and Henricks et al. (1971) Anderson, Hackshaw, Still and Greiss (1977) indicate that progesterone administration to ovariectomized ewes results in a redis¬ tribution of uterine blood flow in favour of the caruncles, the sites of embryo attachment.
Of interest in the present investigation is the observation that an overall significant correlation exists between uterine arterial blood flow to the uterine horn containing the conceptus and systemic concentrations of progesterone. In addition, the concentration of progesterone in systemic blood of pregnant cows was higher (P < 0-05) than that of non-pregnant cows from Days 14 to 18 after mating (3-27 ± 0-28 versus 2-36 ± 0-26). It has been demonstrated that levels of progesterone in blood are a reliable measure of luteal function (Stormshak, Inskeep, Lynn, Pope & Casida, 1963) and are correlated with blood flow through the CL of the ewe (Niswender, Reimers, Diekman & Nett, 1976 ) during the oestrous cycle. Thus the conceptusinduced increases in blood flow to the gravid horn of cows in this study may be accompanied by increased blood flow through the CL resulting in increased secretion of progesterone. During natural as well as prostaglandin F-2cc-induced (Nett, McClellan & Niswender, 1976 ) luteal regression, blood flow to the ovary with CL declines sharply with a reduced secretion of progesterone. It is possible that the conceptus produces or stimulates uterine synthesis of a factor which dilates the ipsilateral utero-ovarian vasculature, thus creating optimal conditions for the continuation of pregnancy.
The progressive rise in blood flow to the uterine horn containing the conceptus beginning on Day 25 may be associated with implantation. Attachment of the bovine conceptus to the uterine wall is a gradual process with the first points of attachment occurring immediately around the embryo by Day 30 (Melton, Berry & Butler, 1951) . Unlike the ewe, in which increases in blood flow to both the gravid and non-gravid uterine horns of unilaterally pregnant animals were associated with the initiation of implantation (Greiss and Anderson, 1970) 
